Two experiments compared effects of integrative and semantic relations between pairs of words on lexical and memory processes in old age. Integrative relations occur when two dissimilar and unassociated words are linked together to form a coherent phrase (e.g., horse-doctor). In Experiment 1, older adults completed a lexical decision task where prime and target words were related either integratively or semantically. The two types of relation both facilitated responses compared to a baseline condition, demonstrating that priming can occur in older adults with minimal preexisting associations between primes and targets. In Experiment 2, young and older adults completed a cued recall task with integrative, semantic and unrelated word pairs. Both integrative and semantic pairs showed significantly smaller age differences in associative memory compared to unrelated pairs. Integrative relations facilitated older adults" memory to a similar extent as semantic relations despite having few preexisting associations in memory.
4 increase on tasks that require more novel associations. Several recent studies support this claim (e.g., Castel, 2005 Castel, , 2007 Patterson, Light, Van Ocker, & Olfman, 2009 ).
Semantic relations may alleviate older adults" associative deficits in multiple ways. First, semantic relations may allow older adults to capitalize on overlapping neural representations:
The co-activation of features shared by semantically related items may strengthen the associative memory representation that links them (MacKay & Burke, 1990) . In contrast, because semantically unrelated items have more distinct neural representations, that lack of co-activation would produce weaker associative memory representations. Second, older adults may use semantic relations to initiate encoding and retrieval strategies during memory tasks. A consistent finding in the literature is that older adults are less likely than young adults to implement an encoding strategy (e.g., Luszcz, Roberts, & Mattiske, 1990; Witte, Freund, & Sebby, 1990) .
Therefore, semantically related word pairs could show smaller age deficits than unrelated word pairs because with semantic relations young and older adults are better equated in their use of encoding and retrieval strategies. That is, with semantically related word pairs, older adults may more easily adopt a strategy to aid the memory process, whereas with unrelated word pairs older adults may not produce encoding and retrieval strategies as well as young adults.
Whereas prior studies have successfully reduced older adults" associative memory deficits by utilizing preexisting relations between items, the current study aims to reduce this memory deficit without recourse to preexisting relations. Specifically, we examined the agerelated associative deficit with three different types of word pairs: integrative word pairs, semantically related word pairs and unrelated word pairs. The novel element of this study was the use of integrative word pairs, where the two words of the pair can be linked to produce a coherent phrase (e.g., horse-doctor, plastic-toy) . Essentially, any word pair in which the first Running head: INTEGRATIVE VS. SEMANTIC RELATIONS 5 word modifies the second word involves integration. Although this includes simple adjectivenoun pairs such as red apple, it also includes noun-noun pairs such as thesis idea, which are more common among studies of memory. Integrative relations entail a modifier (i.e., first word) that specifies a subclass of the head noun (i.e., second word). For example, a thesis idea is a specific type of idea, and a trick rabbit is a specific type of rabbit that differs in important respects from the more general class of rabbits (e.g., Glucksberg & Estes, 2000; Springer & Murphy, 1992) .
Notably, many words can be integrated easily despite being semantically dissimilar, unassociated, and unfamiliar as a phrase (for review see Estes, Golonka, & Jones, 2011) . Monkey foot, for instance, is easily understood despite the fact that monkey and foot are dissimilar and do not occur together frequently in language. Such integrative word pairs lack preexisting relations: They are from different semantic categories, they share few features (if any), they are rarely spoken or written together, and they rarely occur together in a free association task (Estes & Jones, 2009 ). This novel aspect of integration allowed us to test older adults" processing of and memory for integrative word pairs that have few preexisting relations between them (like the unrelated word pairs) but could very easily be encoded together (like the semantic word pairs). If integrative word pairs produced small age-related associative deficits like semantic word pairs, then this would indicate that ease of encoding/retrieval can reduce associative deficits.
Alternatively, if integrative word pairs produced larger age-related associative deficits than semantic word pairs (like unrelated word pairs), then this would indicate that preexisting relations are a key factor that reduces associative deficits.
Integrative Priming and Memory
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Integrative relations facilitate processing of words. Estes and Jones (2009) demonstrated integrative priming in young adults. In their Experiment 2, integrative priming was directly compared to semantic priming. Participants were presented with trials where a prime was followed by a target. They completed a lexical decision task where they had to decide if each target was a word or a nonword. Prime-target pairs were either integrative or semantic word pairs. There was also a baseline condition where the prime word was replaced by a row of asterisks. Both integrative and semantic primes facilitated the lexical decisions as responses were significantly faster than responses to the baseline condition. There was also no significant difference between the magnitudes of integrative and semantic priming.
The integrative priming effect is interesting because the faster response times following integrative primes cannot be explained by pre-processing of the prime before the target onset (Estes & Jones, 2009) . For example, with the semantic prime-target pair fox-dog, semantic elaboration of the features of a fox will act before the target dog appears and therefore the response to dog is facilitated. However, with integrative pairs (e.g., apartment-dog), the prime is unlikely to activate the target as the two words were initially unrelated. This means that integrative priming processes occur after viewing the target. In terms of the current study, integrative word pairs are important for discriminating between memory processes that occur only upon encoding and retrieval (i.e., integrative pairs) and those that may also rely on preexisting relations (i.e., semantic pairs). However, because integrative priming has not yet been demonstrated in older adults, Experiment 1 of the current study replicated this effect in older adults. It is well established in the literature that older adults demonstrate semantic priming to at least the same extent as young adults and possibly to a greater extent (e.g., Laver, 2009; see Laver & Burke, 1993; Myerson, Ferraro, Hale, & Lima, 1992 , for reviews). In the first Running head: INTEGRATIVE VS. SEMANTIC RELATIONS 7 experiment, integrative and semantic priming were compared in older adults to establish if older adults produce an integrative priming effect.
Integrative relations also facilitate memory. Jones, Estes, and Marsh (2008) argued that conceptual integration may elicit elaboration during encoding and may act as a contextual cue during retrieval. In support of this argument, Jones and colleagues reported two experiments in which integrative relations affected memory in young adults. First they presented word pairs that were significantly easier to integrate in one order (e.g., horse doctor) than in the reverse order (e.g., doctor horse). They subsequently presented those individual words in a surprise recognition memory test. They found that the words were more reliably recognized if they had been studied in their more easily integrated order (i.e., horse doctor) than if they had been studied in their less integratable order (i.e., doctor horse). In another experiment, Jones and colleagues showed that a given item was more reliably recognized at test when it instantiated the same integrative relation at study than when it instantiated a different relation. For example, the item cookie was better recognized in cookie plate when it had been studied as cookie jar than when it was studied as cookie crumb. Because cookie jar and cookie plate both instantiate a containment relation (i.e., Y contains X), the target item was more reliably recognized. Thus, both of these experiments indicate that integrative relations facilitate item memory.
Demonstrating integrative priming in older adults (Exp. 1) would validate the use of integrative word pairs in a memory test with older adults (Exp. 2), in that the observation of integrative priming among older adults would justify the assumption that encoding and retrieval of integrative word pairs is relatively easy for older participants. Given that integrative relations facilitate word processing (Estes & Jones, 2009 ) and item memory (Jones et al., 2008) (Wechsler, 1981) as a measure of processing speed (M = 47.1, SD = 9.3). They also completed the multiple choice part of the Mill Hill vocabulary test (Raven, Raven, & Court, 1988) as a measure of crystallized intelligence (M = 23.7, SD = 3.6).
Materials. The integrative and semantic prime-target word pairs (see Appendix) were acquired from Estes and Jones (2009) where the stimuli were selected based on results from pretesting: Twenty-four participants rated the stimuli based on a 7-point integratability scale (1 = not linked to 7 = tightly linked) and on a 7-point semantic similarity scale (1 = not similar to 7 = very similar). In addition, integrative and semantic pairs were chosen to have low levels of both forward (i.e., prime-target) and backward (i.e., target-prime) association probabilities taken from the University of South Florida free association norms (Nelson, McEvoy, & Schreiber, 2004 );
see Table 1 for a summary and Estes and Jones (2009) for further details. For a given target there was an integrative and a semantic prime. Integrative primes were selected to have a high rating of integratability and a low rating of semantic similarity to the target. Semantic primes were selected to have a high rating of semantic similarity and a low rating of integratability to the target. with word primes. The lists were counterbalanced so that for a given real word target, one list would contain an integrative prime, one a semantic prime and one a baseline prime. In this way, no two counterbalanced lists had any of the same prime-target pairs: There were six participants in each counterbalancing condition who saw different combinations of prime-target pairs.
Procedure. Participants were informed that they would be shown strings of letters on a computer screen and that their task was to identify whether they were words or nonwords.
Participants were then informed that they would see a red word or row of asterisks before each target word and that they were not to respond to it but to base their word/nonword judgment on the white word that followed it. For each trial, a red fixation cross appeared on a blank black computer screen for 500 ms. This was then immediately followed by a prime word/asterisks in red for 950 ms. There was then a 50-ms delay with a blank black screen followed by the target word in white. 2 Once the target appeared on the screen, participants were required to press the "j" key on the keyboard if the target was a real word and to press the "f" key if the target was a nonword. After a response was made, the screen displayed the instruction "Press space when ready" in white and participants needed to press the space bar to activate the next trial. The entire block of 90 trials was randomized separately for each participant.
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Words were presented in a lower case font size of 40 pt with a height corresponding to roughly 1.4º viewing angle at a distance of 60 cm. Participants were required to keep their index fingers ready on the "f" and "j" keys and to press the space bar between each trial with their thumb. Before the main test, participants completed a practice block with 10 trials of mixed prime type using separate stimuli to the main study. If participants were not confident with the procedure, they were encouraged to practice again by the experimenter. Participants were also given a reminder sheet that identified which button was which.
Results
Correct responses to word targets in the lexical decision task were used to formulate response speed averages. For each prime type, the average reaction time of correct responses was calculated on an individual basis for each participant; responses falling outside of 2.5 standard deviations from each average were excluded as outliers (4% of the total data).
A 3 (Prime type: integrative, semantic, baseline) x 3 (list type: 3 levels of counterbalancing between subjects) repeated measures ANOVA was conducted on the reaction time data. Throughout this study, Greenhouse-Geisser corrections to the degrees of freedom were performed where appropriate, and corrected p values are reported. There was a main effect of prime type, F(2, 30) = 25.62, MSE = 7,902, p < .001, indicating priming effects because baseline reaction times were slower than integrative and semantic reaction times (see Figure 1 ).
There was no main effect of list type, F < 1, and no interaction between prime type and list type, F < 1. This demonstrates that the counterbalancing did not influence the pattern of results.
Measures of integrative and semantic priming were produced by subtracting the mean reaction time for targets following integrative and semantic primes from reaction times for words following baseline primes (integrative priming, M = 186 ms, SD = 148 ms; semantic priming, M showing faster responses than targets following the baseline (asterisks prime) condition. There was no significant difference in the magnitude of the integrative and semantic priming effects,
The percentage of correct responses to words was also analyzed for each prime type. The means were all identical and close to ceiling: Mean percentage correct was 99.6% for integrative, semantic and baseline conditions.
Discussion
Experiment 1 demonstrated an integrative priming effect in older adults that was not significantly different to the size of the semantic priming effect. Estes and Jones (2009, Exp. 2) also found no difference in the overall magnitude of integrative priming compared to semantic priming with young adults. Although the current experiment did not have enough power to statistically differentiate between the semantic and integrative priming magnitudes, the presence of integrative priming was reliably established. This indicates that preexisting relations linking prime-target pairs (e.g., shared semantic features) are not necessary to elicit priming effects in older adults.
Integrative compounds form a vital part of language by reducing the number of words required to convey a specific concept. For example, a plastic toy is a more concise way of saying a "toy made from plastic". Such compounds are common in language and they are useful for accelerating the communication of information. It is therefore perhaps unsurprising that such relationships facilitate the comprehension of a target word following an integrative prime.
Language comprehension is largely unaffected by the aging process (e.g., Burke, Mackay, & James, 2000) and it was noted earlier that semantic priming is present in older adults (Laver & Burke, 1993) . The presence of integrative priming with older adults as well as young adults is therefore consistent with these observations.
Having demonstrated in Experiment 1 that integrative priming occurs in older adults just as it does in young adults (Estes & Jones, 2009) , Experiment 2 tests whether integrative relations also facilitate memory in older adults just as they do in young adults (Jones et al., 2008 To assess cognitive functioning, participants completed the Digit Symbol Substitution task (Wechsler, 1981) as a measure of processing speed. They also completed the multiple choice part of the Mill Hill vocabulary test (Raven et al., 1988) as a measure of crystallized intelligence. The results were consistent with the literature (e.g., Salthouse, 1991 Salthouse, , 2010 . Young participants were significantly faster at the Digit Symbol Substitution task, t(70) = 11.02, p < .001 (young M = 72.9, SD = 10.2; older M = 45.5, SD = 10.9). For the vocabulary test, young participants scored significantly lower than older participants, t(70) = 5.89, p < .001 (young M = 15.6, SD = 4.2; older M = 21.9, SD = 4.8).
Materials. The main memory stimuli were taken from a set of 180 words formed from 4 groups of 45 words (see Appendix). There were 45 target words, each paired with a corresponding integrative, semantic and unrelated cue word. This produced three sets of 45 cuetarget pairs, all with the same 45 target words. For example the target word "book" could appear in one of three combinations: integrative -travel book, semantic -article book, or unrelatedlapel book. In the experiment, participants would see two words; they would later be cued by being shown the left word of each pair and would be asked to recall the corresponding target word. Stimuli were arranged so that each participant would only see each and every target word once. Therefore every participant was recalling the exact same words, but not necessarily from the same cues (see details of counterbalancing below).
The target, integrative and semantic words were taken from Estes and Jones (2009) and were the same words as used in Experiment 1. The unrelated words were chosen such that they would be unrelated to their corresponding target words yet have similar length and frequency of and semantic words were grouped together and compared to unrelated words: Non-significant ttests revealed that these two sets of words were of similar length, t(177) = 1.20, ns, and frequency of occurrence, t(66.37) = 1.33, ns, using log HAL frequency (Lund & Burgess, 1996) .
Twelve additional pairs of words, four of each category (integrative, semantic and unrelated)
were created to be used as buffers and for a practice test. Pilot studies were conducted with young adults to determine the optimal presentation of the memory set pairs. To avoid both ceiling effects for young adults and floor effects for older adults, the main experiment presented stimuli at a rate of 5 s per pair for young participants but 10 s per pair for older participants. These are the same presentation rates as used in NavehBenjamin"s (2000) Experiment 4.
Before the main memory tests, participants completed a practice version of the experiment which presented 6 pairs of words sequentially (2 of each relationship type, integrative, semantic and unrelated). Participants were informed that they would be required to After the presentation of the last pair there was a 1-minute delay which was filled with counting backwards in threes from 200. Following this, a single cue word (which was always the left word of each pair) was shown on the screen. Participants were required to say the corresponding target word for each cue word and their responses were noted by the experimenter. After each response the next cue word was shown on the screen by the experimenter pressing a button. Cue words appeared in a randomized order for each participant.
In the main experimental procedure, the entire memory task was completed three times, once with each type of word pair relationship. In each case, participants viewed a sequential memory set of 17 pairs (15 pairs for the cued recall test and 2 buffers) at 5 s per pair for young participants and 10 s per pair for older participants. This was followed by a delay and then a cued recall test, which were conducted in the same way as described for the practice. Participants were offered the chance to rest between conditions.
Counterbalancing and randomization was conducted throughout the experiment.
Crucially, the condition order was fully counterbalanced so that every possible order of integrative, semantic and unrelated test was covered (6 combinations of condition order).
Furthermore, the target words were matched to different combinations of integrative, semantic and unrelated cue words in six different lists. This produced a 6 x 6 design such that no participants within each age group received the same conditions with the same stimuli in the same order. There were 36 different test combinations and one participant from each age group 
Results
To assess whether integrative, semantic, and unrelated pairs were remembered differently between young and older participants, a 2 (Age: young, older) x 3 (Condition: integrative, semantic and unrelated pairs) repeated measures ANOVA was conducted on the cued recall data (see top of Figure 2 ). There was a main effect of age, F(1, 70) = 27.95, MSE = 0.08, p < .001, with older participants recalling significantly less than young participants. There was also a main effect of condition, F(2, 140) = 147.71, MSE = .02, p < .001, with performance in the unrelated condition being much lower than both the integrative and semantic conditions. The interaction between age and condition was also significant, F(2, 140) = 13.86, MSE = 0.02, p < .001. This is because although older participants performed lower than young participants in all conditions, the age difference was much larger for unrelated word pairs than for integrative and semantic word pairs. Despite performance levels being high for integrative and semantic pairs and low for unrelated pairs, the proportion of participants hitting ceiling and floor performance was low and comparable between young and older adults. For integrative, semantic and unrelated pairs the proportion of young adults performing at ceiling was 0.11, 0.17 and 0.03, respectively, and floor was 0 for all pair types; for older adults the proportion performing at ceiling was 0.17, 0.19 and 0.03, respectively, and floor was 0.03, 0 and 0.19, respectively. It is also important to note that although the integrative and semantic conditions yielded age differences that were very small, age differences were also reduced by increased presentation times for older adults. Therefore, integrative and semantic relations did not completely abolish age deficits; rather they reduced them relative to unrelated pairs.
Further tests revealed that there was no age by condition interaction between integrative and semantic conditions (p = .13), but the interaction was present between integrative and unrelated conditions (p = .001), and between semantic and unrelated conditions (p < .001). In order to establish if the lack of interaction between age and integrative and semantic memory performance was determinable, power analysis was conducted to measure the power we had to detect this effect. The experiment had sufficient power to detect a medium size of effect for the interaction. 3 This means that if there is a difference in the effect of age between memory for integrative and semantic word pairs, it is likely to be only a small effect size.
In case of carry-over effects from one condition to another, the analysis was reconducted using data only from the first condition that each participant completed (see bottom of This measure of familiarity was highly suitable for integrative pairs as they are coherent when put together in language. Therefore, it provides an indication of the amount of prior exposure to links between the words. Across the 45 integrative word pairs there was a mean number of adjacent occurrences of 5.84 (SD = 11.44). That is, these word pairs occurred on average less than 6 times in 100 million texts.
In the experiment, each pair was tested with 12 young and 12 older participants, so for every pair there was a measure of both young and older participants" memory performance. The BNC co-occurrence measure was not significantly correlated with the proportion of correct responses for either young or older participants, r(45) = -.01, p = .97, r(45) = .08, p = .58, respectively. This indicates that for these items, amount of prior exposure did not affect memory performance. Within the integrative word pairs, there were 20 pairs that had no adjacent occurrences in the BNC, while the remaining 25 pairs had 1 or more occurrences. The memory data (proportion correct for each word pair) were therefore split and entered into a repeated measures ANOVA with co-occurrence as a 2-level independent factor (BNC co-occurrence:
none, 1 or more) and age as a 2-level repeated factor (Age: young, older). Importantly there was no main effect of co-occurrence, F < 1, with no BNC co-occurrence memory performance (M = 
Discussion
Four main results were obtained. First, relative to young adults, older adults exhibited an overall memory deficit. This finding replicates much prior research (e.g., Salthouse, 2010; Zacks et al., 2000) thus validating our methods and samples. Second, this age-related memory deficit was significantly reduced among semantically related word pairs (e.g., paw foot), again replicating much prior research (e.g., Naveh-Benjamin, 2000; Naveh-Benjamin et al., 2005).
Third, the age-related memory deficit was also significantly attenuated among integratively related words pairs (e.g., monkey foot). Although integrative relations were known to facilitate memory among young adults (Jones et al., 2008) , this is the first demonstration that such integrative relations also facilitate memory among older adults. In fact, these integrative word pairs were similarly as powerful as the semantic word pairs in reducing the age-related memory deficit. Given that the words in integrative pairs were semantically dissimilar and unassociated, their attenuation of the age-related memory deficit cannot be directly attributed to preexisting relations. Rather they formed concepts that were consistent with world knowledge, which is perhaps why they could have been easier to encode and/or retrieve than unrelated word pairs.
Finally, analysis of intrusion errors revealed that participants most often recalled words with similar relatedness to the cue as the actual target word. For instance, when prompted with a word Running head: INTEGRATIVE VS. SEMANTIC RELATIONS 21 from an integrative or semantic list, intrusions were more likely to be related to the cue.
Likewise, when prompted with a word from an unrelated list, intrusions were somewhat more likely to be unrelated to the cue. This is in line with previous research, where intrusions have been shown to share similar attributes to target stimuli (e.g., Underwood & Hughes, 1950) . Also the use of a blocked design would have enhanced awareness of the relation types within each condition. In general, the results from Experiment 2 provide strong evidence that integrative relations provide effective cues for associative memory, especially among older adults.
General Discussion
Experiment 1 demonstrated that integrative priming was present in older adults. This established that integrative relations, like semantic relations, facilitate word processing among older adults. In Experiment 2, integrative, semantic and unrelated word pairs were used to assess cued recall performance in young and older adults. Age differences were significantly larger for unrelated word pairs than for both integrative and semantic word pairs. The reduction in associative deficits in older adults with integrative pairs therefore demonstrates a new type of support for associative memory performance in older adults. Previous research has suggested that semantic relations are easier for older adults to encode because fewer new connections need to be formed in memory (MacKay & Burke, 1990) . This explanation cannot be applied to the integrative relations memorized in our experiment, because the integrative word pairs were unassociated and semantically dissimilar. Instead, the results suggest that integrative word pairs may reduce associative deficits in older adults because they are easier to encode and perhaps more importantly easier to retrieve than unrelated word pairs. Furthermore, the guiding of encoding and retrieval processes could equally apply to semantically related word pairs where it is also easy to perceive relations between stimuli. Given that semantically and integratively Running head: INTEGRATIVE VS. SEMANTIC RELATIONS 22 related stimuli support associative memory performance in older adults to a similar extent and that integrative word pairs have no preexsiting relations, the present study suggests that ease of encoding and retrieval processes may be more important than preexisting relations for reducing age-related associative deficits.
Encoding. Integrative and semantic relations could alleviate the age-related memory deficit by inducing encoding strategies. Indeed, older adults are less likely than young adults to implement encoding strategies (e.g., Luszcz et al., 1990; Witte et al., 1990) , and implementing encoding strategies has been shown to attenuate the age-related memory deficit (e.g., NavehBenjamin, Brav, & Levy, 2007; Park, Smith, Morrell, Puglisi, & Dudley, 1990; Treat & Reese, 1976) . It is reasonable to conclude then that both integrative and semantic word pairs may show reduced age differences compared to unrelated word pairs because it is easier to meaningfully encode them. This conjecture is consistent with the popular view in cognitive aging research that less effortful processes show smaller age-related decline (e.g., Fastenau, Denburg, & Abeles, 1996; Hasher & Zacks, 1979; Salthouse, 1988) . It is also supported by the observation in Experiment 2 that participants" intrusion errors most often instantiated the same general relation as the studied items. Given that such occurrences were errors, the target words themselves clearly did not induce retrieval of the correct relation. Rather, it appears that the correct relation was retrieved but the correct item was not, thereby suggesting that the integrative and semantic relations might have been utilized as encoding strategies.
Retrieval. Alternatively, or additionally, integrative and semantic relations could alleviate the age-related memory deficit by inducing retrieval strategies. Indeed, there is evidence to suggest that associative deficits in older adults are a result of retrieval deficits more so than encoding deficits (Cohn, Emrich, & Moscovitch, 2008) . In Naveh-Benjamin et al."s (2005) Experiment 2, young and older adults completed an associative memory task with and without a secondary task to divide attention during recall. Young adults" recall performance was unaffected by dividing attention but older adults showed reduced memory performance with the presence of the secondary task. In contrast, Naveh-Benjamin et al."s (2005) Experiment 1 showed that dividing attention during encoding affected both young and older adults equally.
This evidence suggests that older adults may require more resources during recall. NavehBenjamin et al. (2005) also showed that performance on the secondary task dropped more for older adults than young adults during recall, especially when older adults were instructed to use memory strategies. This also indicates that older adults require more cognitive resources during associative memory recall. Finally, Naveh-Benjamin et al. (2007) found that encouraging participants to use encoding strategies reduced age-related associative deficits but encouraging participants to use encoding and retrieval strategies almost eliminated associative deficits in older adults.
The main demonstrations of associative deficits come from recognition tests of item and associative memory where older adults show smaller deficits for item than for associative memory compared to young adults (e.g., Naveh-Benjamin, 2000) . The age-related deficits in associative recognition tests are often driven by increased false alarms to lures whilst endorsement of seen-before associations remains relatively intact (e.g., Castel & Craik, 2003; Healy, Light, & Chung, 2005) . This means that older adults have formed associative memories but that they experience difficulty using recollection to reject lures. Therefore, this provides more evidence that encoding is intact in older adults and that it is retrieval that causes the agerelated associative deficits observed.
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The current results may thus be explained in terms of retrieval differences between the word pair types. The knowledge of relations between the words of integrative and semantic pairs during recall may have helped to narrow the search in memory for the corresponding target. It is well established in the literature that recognition tests yield smaller age differences than recall tests as there is greater environmental support during retrieval (e.g., Craik & McDowd, 1987; Light, Prull, La Voie, & Healy, 2000; Naveh-Benjamin, 2000; Schonfield & Robertson, 1966) .
Therefore knowledge of the integrative and semantic relations during retrieval may have provided environmental support that benefited the older adults more than the young adults.
Integrative relations. In addition to demonstrating that the age-related memory deficit can be alleviated with previously unassociated word pairs, these experiments also contribute much to our understanding of integrative relations and their effects. Integrative priming has only recently been identified as a distinct influence on word processing (Estes & Jones, 2009) , and similarly little research has examined the influence of integrative relations on memory (Jones et al., 2008 ).
The present research demonstrates for the first time that integrative priming remains intact among older adults, and that integrative relations serve as powerful facilitators of memory across the lifespan. These findings are nontrivial, in that they contradict the common assumption that older adults are disproportionately impaired at forming all types of new associations.
In both of the present experiments, integrative relations and semantic relations induced similar effects. That is, in neither experiment were the two types of relations dissociated behaviorally. This is consistent with the results of Estes and Jones (2009, Exp. 2) , who found statistically indiscernible priming effects from integrative relations and semantic relations across a range of timing conditions. In other experiments, however, Estes and Jones did observe a dissociation between integrative priming and semantic priming. Surprisingly, they found that was not significant in a list with few other semantic pairs (see also Hutchison, 2007) . Thus, whereas semantic priming is under strategic control, integrative priming appears to be beyond strategic control. This finding has important implications for the age-related associative memory deficit. Although integrative relations and semantic relations similarly reduced the memory deficit, integrative relations may actually provide a more robust effect. Notably, in our Experiment 2 the three relation-types were studied in separate blocks, which effectively rendered them like a list with many of the same relations in Estes and Jones"s study. It remains for future studies to determine whether integrative relations would induce a larger memory effect than semantic relations in older adults when the various relation-types are presented in a mixed list, but the prior research suggests that they might. Thus, the present experiments reveal much about integrative relations, and they also suggest important hypotheses for further investigation.
Footnotes
1 One 87-year-old participant was excluded from the analysis and replaced by another participant. This is because he was more than 2 standard deviations away from the mean and sometimes more than 3 standard deviations from the mean on several measures of performance.
2 The presentation times used were determined after piloting. Originally, the study aimed to replicate the 500-ms stimulus onset asynchrony condition of Estes and Jones (2009, Exp. 2):
The fixation was 500 ms followed by a 100-ms prime then a 400-ms delay before the target. The 100-ms prime was too short to have an effect on older participants as there was no evidence of either integrative or semantic priming. Therefore, in the main study, the salience of the prime was increased by lengthening its duration on screen to 950 ms. 3 The most informative estimate of power would not be based upon the effect size measured in the data, as it cannot be assumed to represent the effect size of the population as a whole (O'Keefe, 2007) . As would be expected from the null result (O'Keefe, 2007), the power based upon the actual effect size measured was low: Power = .33. Power analysis was therefore conducted with G*Power software (Faul, Erdfelder, Lang, & Buchner, 2007) , using standard estimates of small and medium effect sizes taken from Murphy and Myors (1998) . Power estimates were based on a repeated measures design and the correlation between integrative and semantic memory performance, r(72) = .52, p < .001, was used in the calculations. With 72 participants, and α = .05, to detect a medium effect (f 2 = .15, d = .5) the experiment had a power of 1.00, and to detect a small effect (f 2 = .02, d = .2) the experiment had a power of .68. It is also worth noting that the main data had a larger age difference for integrative compared to semantic pairs but that the data from the first test only (see Figure 2 , bottom) had the opposite patternRunning head: INTEGRATIVE VS. SEMANTIC RELATIONS 32 larger age differences for semantic than integrative pairs, which further indicates no differential effect of stimuli type on memory performance across age. 4 Note that older adults produced around twice as many incorrect responses (intrusions plus omissions) as did young adults (see Table 2 ). Older adults also produced around twice as many intrusions as young adults; therefore the proportions of incorrect responses that were intrusions rather than omissions were approximately the same in the two age groups (M = 0.27, SD = 0.25, for young adults; M = 0.34, SD = 0.23, for older adults), t(69) = 1.21, p = .23. 
